The composition and antimicrobial activity of the essential oil of Heracleum sibiricum L. (Apiaceae) was studied. The aerial part of plant was hydro-distilled and chemical composition of the essential oil was analyzed by GC and GC-MS. Forty-six compounds, corresponding to 95.12% of the total oil, were identified. Esters represented the major chemical class (69.55%) while the main constituents were octyl butanoate (36.82%), hexyl butanoate (16.08%), 1octanol (13.62%) and octyl hexanoate (8.10%). Antibacterial activity of the essential oil and reference antibiotics against nine bacterial strains was tested by the broth microdilution method. The results of the bioassays showed that essential oil had slight antimicrobial activities against all tested microorganisms (MIC and MBC values were in the range of 2431.2 to 9724.8 μg/mL). Reference antibiotics were active in concentrations between 0.5 and 16.0 μg/mL. The results confirm that Gram-positive bacteria were more susceptible to the essential oil of H. sibiricum, in comparison with Gram-negative bacteria.
During the 20 th century synthetic antibacterial agents have substantially reduced the threat posed by infectious diseases. In recent years an increase in bacterial resistance to antimicrobial agents has been seen world-wide. Thus, it is necessary to develop alternative natural and safe methods for controlling infections of human body [1] . A wide variety of essential oils is known to possess antimicrobial properties [2, 3] . The type of antimicrobial activity shown by essential oils and their components varies from partial or complete inhibition of growth to bactericidal activity [4] .
The genus Heracleum with more than 120 species in the world is one of the largest genera of the Apiaceae family. The Serbian flora recognizes five species of the Heracleum genus [5] . Many kinds of metabolites (including coumarins, stilbenes and flavonoids) have been isolated and identified from various species of this genus [6] [7] [8] . Studies on the essential oils and extracts of various species of Heracleum have reported different biological properties such as cytotoxic activity, antioxidant and antimicrobial activity, immunostimulant and anticonvulsant effect [9] .
The chemical composition of the essential oil from aerial parts of Heracleum sibiricum L. (Apiaceae) has been mentioned rarely in the literature [10] . To the author's knowledge, the antibacterial activity of the essential oil from H. sibiricum L. has not been examined so far.
The yield of H. sibiricum essential oil was 0.59% (w/w). Forty-six components, representing 95.12% of the total detected constituents (Table 1) , were identified by gas chromatography (GC) and gas chromatography/mass spectrometry (GC-MS) analysis of the essential oil. Esters represented the major chemical class (69.55%), while octyl butanoate (36.82%), hexyl butanoate (16.08%), 1-octanol (13.62%) and octyl hexanoate (8.10%) were the most abundant compounds in the oil. In an earlier study hexyl butyrate (56.50%), octyl acetate (16.50%), hexyl-2-methylbutanoate (5.20%), and hexyl isobutyrate (3.40%) were found to be major constituents of the H. persicum fruits essential oil [11] . Another ester, n-octyl acetate, was reported as a common component in most fruit oils of Heracleum genus [12] . Bornyl acetate (51.20%) was the major compound in the essential oil of Heracleum rigens seeds [13] . The differences between our study and others could be explained by the fact that we investigated the whole aerial parts of the plant. On the other hand, a slight divergence can be predicted having in mind diversities among plants growing in different geographical areas and collected in various growing stages.
The antimicrobial activity of examined essential oil and reference antibiotics against nine bacterial strains was tested by the broth microdilution method. Results of antibacterial assay (Table 2) , represented by minimum inhibitory concentration (MIC) and minimum bactericidal concentration (MBC), show that essential oil possesses slight antimicrobial activities against all tested microorganisms. Essential oil from H. sibiricum has been found to have antimicrobial activity with a range of MIC and MBC values from 2431.2 to 9724.8 μg/mL. Reference antibiotics were active in concentrations between 0.5 and 16.0 μg/mL.
Various components of an essential oil may have different modes of antibacterial action and/or that metabolism of some bacteria is able to better adapt to the oil [2] . In our research, aliphatic esters (69.55%) exhibit a weak antibacterial activity, which is in agreement with literature data [9] . On the other hand, neryl acetate (51.62%), a dominant component of the essential oil of Heracleum thomsonii (Clarke) in combination with significant amount of nerol (9.78%), exhibit moderate to high antimicrobial activity against fungi, Gram-positive and Gram-negative bacteria [14] . Gramnegative bacteria are generally more resistant to antiseptics and disinfectants than Gram-positive bacteria. The outer membrane of Gram-negative bacteria acts as a barrier that limits the entry of many chemically unrelated types of antibacterial agents [15] . Our results confirm that, in comparison with Gram-negative bacteria, Gram-positive bacteria are more susceptible to the essential oil of H. sibiricum.
Experimental
Plant material: Aerial parts of the H. sibiricum were collected from natural populations at the Vidlič mountain, Serbia, in August 2011. A voucher specimen, with the accession number 16533, is deposited at the Herbarium of the Department of Botany, Faculty of Biology, University of Belgrade -Herbarium Code BEOU.
Extraction and isolation of oil:
Aerial parts of the plant (dried and pulverized) were subjected to the hydro-distillation for 4 h, using Clevenger-type apparatus to produce oil. The resulting essential oils were dried over anhydrous sodium sulfate and stored at 4°C.
Gas chromatography:
Quantitative and qualitative data for the essential oil were determined by GC and GC-MS analyses. The GC analysis of the oil was carried out on a GC HP-5890 II apparatus, equipped with the split-splitless injector, HP-5MS capillary column (30 m x 0.25 mm, 0.25 m film thickness) with helium as the carrier gas (1 mL/min) and FID. Operating conditions: injector temperature 250°C and interface temperature of 280°C, temperature program from 50°C (3 min), to 250°C at a rate of 3°C/min.
Gas chromatography/mass spectrometry:
GC-MS analyses were performed on an Agilent Technologies apparatus, Model GS 6890N at 70 eV coupled with a mass selective detector MSD 5975C, under the same gas-chromatograph conditions.
Identification of compounds:
Identification of the compounds was based on comparison of Arithmetic indices (applying calibrated automated mass spectral deconvolution and identification system software (AMDIS ver. 2.64) in combination with selective ion analysis (SIA) resolution method [16] ), comparison with the spectral data from the available literature [17] , and comparison of their mass spectra to those from Wiley 275, NIST/NBS and Pherobase libraries using various search engines. Indices were obtained by co-injection with an aliphatic hydrocarbons C 7 -C 40 standard mixture.
Antibacterial testing:
The antibacterial activity of the essential oil was tested towards nine different bacteria, laboratory control strains, obtained from the American Type Culture Collection (ATCC). Gram negative bacteria were represented by Salmonella enteritidis ATCC 13076, Klebsiella pneumoniae ATCC 10031, Proteus mirabilis ATCC 12453, Pseudomonas aeruginosa ATCC 9027 and Enterobacter aerogenes ATCC 13048. Researched Gram positive strains were Enterococcus faecalis ATCC 19433, Bacillus cereus ATCC 11778, Staphylococcus aureus ATCC 25923 and Listeria monocytogenes ATCC 15313. The inocula of the bacterial strains were prepared from the overnight broth cultures, and suspensions were adjusted to 0.5 McFarland standard turbidity (corresponding to 10 7 -10 8 CFU/mL, depending on generaconsensus standard by the Clinical and Laboratory Standards Institute) [18] .
Micro-well Dilution Assay:
A broth microdilution method was used to determine the minimum inhibitory concentration and minimum bactericidal concentration according to the Clinical and Laboratory Standards Institute [18] . Serial doubling dilutions of the tested oil were prepared in 70.0% ethanol and then transferred in a 96/well microtiter plate over the range of 0.025-50.0 μL/mL in inoculated nutrient broth. The final volume was 100 μL and the final bacterial concentration was 10 6 CFU/mL in each well. Heracleum sibiricum essential oil Natural Product Communications Vol. 8 (9) 2013 1311
The plate was incubated for 24 h at 37°C. All experiments were performed in triplicate. Two controls were included -medium with solvent/ethanol (negative control) and medium with antibiotics: Tetracycline, Streptomycin and Chloramphenicol (positive control). Bacterial growth was determined by adding 20 μL of 0.5% triphenyl tetrazolium chloride (TTC) aqueous solution. Minimal inhibitory concentration was defined as the lowest concentration of the oil inhibiting visible growth (red colored pellet on the bottom of the wells after the addition of TTC), while minimal bactericidal concentration was defined as the lowest oil concentration killing 99.9% of bacterial cells. To determine MBC, the broth was taken from each well without visible growth and inoculated in Mueller Hinton agar (MHA) for 24 h at 37°C.
